Metal ions present in waste samples, industrial effluents, acid mines and other aqueous media constitute a serious challenge in different human activities. Solvent extraction a technique for preconcentration, separation and identification of trace amount of metal ions coupled with multivariate chemometric technique was used for the determination of Fe(II) and Cr(III) from solutions in the presence of bis(salicylidene)ethylenediamine (SALEN). The influence of main extraction variables affecting the extraction efficiency was simultaneously studied and regression model equations illustrating the relationship between variables predicted. The extraction parameters (time of extraction, acid concentration, ligand concentration, temperature and metal concentration) were optimized using experimental designs with the contributions of the various parameters to extraction of the metal ions bound to the complexone evaluated using SPSS19.0 software. The statistically determined simulated models for the parameters were R 2 = 0.946, 0.727, 0.793, 0.53, 0.53, 1.000 and F-values of 70. 400, 13. 285, 15.348, 4.646 and 2.569x10 5 respectively for time of extraction, acid concentration, ligand concentration, temperature and metal concentration for Cr (III). For Fe (II), R 2 = 0.243, 0.371, 0.519, 0.446, 1.000 and F-values of 0.964, 2.953, 4.310, 3.216 and 2.516x10 5 for time of extraction, acid concentration, ligand concentration, temperature and metal concentration respectively. The level of significance of the models as predicted was both lower than 5% making it feasible, efficient, reproducible and accurate. This means that metal ions at the conditions stated could be removed from waste samples, industrial effluents, acid mines and other aqueous media with extension in industrial scale application.
INTRODUCTION
Recovery of metals such as Ni, Co, Pb, Zn, Fe, Cr and Mn from aqueous solutions using liquid-liquid extraction technique achieved by direct contact between the aquo-metal solution and the chelating agent dissolved in an organic diluent has been severally researched [1] . Complexing agents such as Schiff bases, oximes, crown ethers, phosphine oxides and several amines have routinely been used as metal extractants in consideration of their system pH dependence and high distribution coefficient [2] . The application of solvent extraction to inorganic system has enjoyed much acceptance because of its wide scope, ease of manipulation, speed, simplicity and selectivity [3] [4] . Several studies [4] [5] [6] [7] have shown that chelating ligands extraction offers a useful, effective and valuable analytical separation technique for the metal species in solution and is very important in preconcentration, separation and identification of trace amount of metal ions. Solvent extraction is commonly used in separation of chemical species from a matrix owing to the distribution and transportation of the solute between two bilayers (essentially organic and aqueous phase). Apart of separation of chemical species and increase in the initial solute concentration, solvent extraction is applied in recovery of metal ions from environmental samples and in hydrometallurgical processes.
The behaviour of multiple variables that need simultaneous determination in complex systems such as sediments, effluents and soils can be chemometrically handled. Chemometric technique is not only a useful tool in the development, validation and optimization of extraction variables but also in providing valuable information on the relationship among extraction variables, models of extraction, differences and resemblances among the factors and predicting future expectations. This approach has resolved to a greater extent the task of multiple complexities of the matrices and multiple variable combinations with difficult large data set interpretation. Therefore, to arrive at useful, reliable and valid information on extraction assay, the experiments are rightly planned and performed and obtained results or data judiciously and correctly interpreted [8] [9] . This is particularly addressed if multivariate chemometric technique is applied with the aim of achieving the relationship between process variables, getting optimum conditions for such extraction and predicting yield for industrial scale purposes [10] . For in depth treatment of the results of extraction variables, ANOVA, F-test and other chemometric test was used to determine the valuable contribution and differences between the variables in the predictive simulation and optimization oriented modelling consideration for extraction of toxic metal ions from aqueous solution into a bis Schiff base.
MATERIALS & METHODS

Reagents
Analytical grade reagents and products of Sigma Aldrich were used throughout the extraction (ethanol, carbon tetrachloride, ethylenediamine, salicylaldehyde, hydrochloric acid, chloroform, ammonium iron (II) sulphate and chromium (III) nitrate).
Equipment
GC-MSQ2010 Plus (Shimadzu, Japan) coupled with gas chromatograph was used to obtain the mass spectra analysis of the ligand through electron ionization. The carrier gas was nitrogen used for desolvation, nebulization pressure of 108 kPa, injection temperature of 250 o C, oven temperature of 80 o C, solvent cut time of 2.50 minutes, start time of 3 minutes and ionization energy of 70 eV was used. Bruker AVANCE II 400 MHz spectrometers with CDCl3 as solvent and tetramethylsilane as internal reference were used to record NMR spectra. Electrothermal digital melting point apparatus (Labtech, model AV1) was used for melting point determination. Perkin-Elmer FTIR-8400S Fourier transform infrared spectrophotometer (Shimadzu, Japan) was used to obtain transmission infrared spectra of the ligand in the range of 4000-400 cm -1 in KBr pellets. Optimization studies were done using SPSS 19.0 software. Vario-Elemental Microcube ELIII was used to determine the elemental composition of the ligand. UV-Vis Spectrophotometer (model Genesis 10S) was used to obtain electronic spectra of SALEN. Rotary shaker (RF-12 Remi equipment) was used for all equilibrations and shakings.
Solution preparation
Solution of Fe(II) and Cr(III) were prepared by dissolving (NH4)2SO4.FeSO4.6H2O and Cr(NO3)3.9H2O in double distilled water to form a one molar solution each.
Synthesis of bis(salicylidene)ethylenediamine (Salen)
A sample of ethylenediamine (22.475 g, 25 cm 3 ) was added with salicylaldehyde (91.336 g, 78.299 cm 3 ) in a 500 cm 3 beaker. An immediate, exothermic and vigorous reaction resulted in the formation of a yellow boiling mixture which was stirred, warmed for five minutes, chilled in an ice bath and the crude product isolated. The yellow crude product was recrystallized twice from carbon tetrachloride and air dried [11] . Yield: 73.35 g, 64.45%, M.P. = 127± 1 0 C. Electronic spectrum (DMF, nm, ƹ =Mol -1 dm 3 cm -1 ): 260 ( ƹ =3.0 x10 2 ), 285 ( ƹ =3.6 x 10 2 ) 335 ( ƹ = 4.7 x 10 2 ). Anal calcd. for C16H16N2O2: C, 71.64 %; H,5.97%; N,10.44%. Found: C, 70.89%; H, 6.05%; N, 10.41%. FT-IR(KBr,cm -1 ): 3401cm -1 ν(-OH), 3042cm -1 ν(=CH aromatic), 2913 cm -1 ν(-CH aliphatic), 1615 cm -1 ν(Imine -N=CH-), 1494, (aromatic -C=C-), 1416(N-C), 1285 cm -1 ν(phenol C-O); 1 H NMR(CDCl3, ɗ, ppm): 7.4 (1H, N=C(H); 6.5-7.11 (4H, ArH ); 3.5(4H, =NCH2CH2N=) . 13 
Extraction procedures
Extraction of metal ions complexed by the ligand bis(salicylidene)ethylenediamine into the chloroform phase through solvent extraction technique was investigated. Preliminary studies revealed highest percentage extraction at acid concentration of 10 -4 M, Salen of 0.5% solution, temperature of 30 o C and shaking time of 15 minutes. Solution of 10 cm 3 metal ions was added with 10 cm 3 of 10 -4 M HCl solution, 5 cm 3 of Salen solution and 25 cm 3 of chloroform in a beaker and allowed to equilibrate. The mixture was stirred in a magnetic stirrer for 10 min and thereafter shaken for 15 min in a rotary shaker at 300 rpm and at 30 o C. The solution was then allowed to stand for 10 min in a separatory funnel and the phases separated. The quantity of Cr (III) and Fe(II) ions uncomplexed and in the aqueous phase was determined spectrophotometrically. The quantity of Cr(III) and Fe(II) ions, (q) and extraction efficiency, (%) indicating the quantity of metal ions complexed with Salen is as shown in Equations 1 and 2:
= Cr(III) and Fe(II) ions, = the equilibrium amount of Cr(III) and Fe(II) ions (mg/mL), a and b represents quantity of metal ions solution and mass of Salen.
RESULTS & DISCUSSION
Characterization of bis(salicylidene)ethylenediamine
Salen ( Figure 1 ) was synthesized by the condensation of ethylenediamine and salicylaldehyde in the ratio of 1:2. Percentage yield after recrystallization of the crude product was 64.45%, GC-MS spectral data [M+1] + was 268 with fragments peaks at 206, 176, 172, 155 and 127 while elemental analyses gave satisfactory result. The change of the precursor compound salicylaldehyde to the Schiff base Salen was monitored using NMR. The absence of amine proton signals in the spectra of the ligand is a confirmation of the condensation of the precursor compounds, ethylenediamine and salicylaldehyde [12] . Salen is a symmetrical molecule with the methyne proton observed as doublet at 3.5 ppm (4H) and azomethine proton shown as quartet(1H) at 7.4ppm [13] [14] whereas hydrogen of aromatics ring was displayed at 7.11ppm (3H) due to coupling of 4 hydrogen atoms in the ring. 13 C NMR spectrum of Salen displayed carbon atom bonded to phenolic oxygen at 221.44 ppm, aromatic carbons at 152.65ppm and methylene carbon at 48.69 ppm.
The UV-vis spectrum of Salen shows three absorptions at 260, 285 and 335 nm indicating − * , − * and charge transfer transitions of the phenyl or imine ring, non-bonding electrons in the nitrogen and intraligand charge transfer transitions respectively [13, 15] The ligand FT-IR, showed broad peak of phenolic hydroxyl group at 3401cm -I and C=N stretching frequency at 1615cm -1 establishing that the Schiff base was actually synthesized [16] . Strong band at 1285 cm -1 was assigned to phenol C-O group [15] . The synthesis of the ligand was further established by the disappearance of the characteristic absorption band assignable to C=O and NH2 present in the precursor compounds. 
Statistical and inferential basis for the extraction of the metal ions
Optimizing, predicting and modeling the process conditions for the extraction of Cr(III) and Fe(II) ions complexed onto the ligand was executed to ascertain the relevance, contribution and significance of the factors in the process. The results are presented in Tables 1-8 as analyzed using statistical and inferential method. The high, medium and low conditions for each of the variables are presented in Table 1a . Table 1b indicates the coefficient of correlation between the amount extracted, time of extraction, acid concentration, ligand concentration between the amounts extracted for the listed variables has multiple r 2 of 0.946, 0.727, 0.793, 0.53, 0.53 and 1.000 respectively. This means that 94.6%, 72.7%, 79.3% and 53.7% of the amount extracted is accurate to time, acid concentration, ligand concentration, and temperature respectively.
Statistical analysis for Cr (III) extraction
In examination of Table 2 
c, y = 0.061+0.748x (5) d, y = 0.655-0.004x (6) e, y = -0.010+0.027x (7) Table 4 shows the coefficient of correlation between the variables time and amount extracted, acid concentration and amount extracted, ligand concentration and amount extracted, metal concentration and amount extracted and temperature and amount extracted to be 0.973, 0.852, 0.891, 1.000 and 0.733 is string and direct. The significance level for each is lower than 5% and as such the relation can be generalized to the whole process.
Fe (II) statistical and inferential analysis
From Table 5 , the coefficient of correlation between the amount extracted and time, acid concentration, ligand concentration, temperature and metal concentration has multiple r 2 of 0.243, 0.371, 0.519, 0.446 and 1.000 respectively. Based on the result, it could be seen that the percentage accurate to time, acid concentration, ligand concentration and temperature are 24.3% 37.1%, 51.9 % and 44.6% respectively.
An examination of table 6 shows the most possible combination of predictor variables that could contribute to the relationship with the dependent variables. For model 1, 2, 3, 4 and 5, the F-values are 0.964, 2.953, 4.310, 3.216 and 2.516E5 respectively. The values are significant with ligand concentration been the most significant. This is in conformity with the percentage contribution of the extraction variables having ligand concentration as 51.9%. Also, the significance of the variables shows that they have impact on the amount of complex extracted.
The regression equations which show the relationship between the variables listed and the amount extracted are shown in equations (8) (9) (10) (11) (12) .
For:
a, y = 0.072-0.003x (8) b, y = 48.494-30.711x (9) c, y = 0.590 + 1.414x (10) d, y = 1.820+0.003x (11) e, y = 0.013 + 0.094x (12) From Table 8 , the coefficient of correlation between the variables time and amount extracted, acid concentration and amount extracted, ligand concentration and amount extracted, temperature and amount extracted and metal concentration and amount extracted are 0.659, 0.609, 0.720, 0.668 and 1.000 respectively. This shows that the relationship among the variables is strong, positive and direct. The significance level for each is lower than 5% and as such the relation could be generalized to the whole process. 
CONCLUSION
In conclusion the use of bis Schiff base as extractant of metal ions from solution and simulating the extraction models have been presented. Extraneous variables of time, acid concentration, temperature, metal ion concentration and ligand concentration are noted to be significant building the extraction models. The relationship among the variables was observed to be strong, positive and direct with the significance level for each lower than 5%, and as such the relation can be generalized to the whole process.
